system as described previously with some modifications (20) . Briefly, a three-to four-point scale was used to denote the severity of inflammation (0, none; 1, mild; 2, moderate; and 3, severe), the level of involvement (0, none; 1, mucosa; 2, mucosa and submucosa; and 3, transmural), and extent of epithelial/crypt damage (0, none; 1, basal 1/3; 2, basal 2/3; 3, crypt loss; 4, crypt and surface epithelial destruction). Each variable was then multiplied by a factor reflecting the percentage of the colon involved (0-25%, 26-50%, 51-75%, and 76-100%), and then summed to obtain the overall score.
Flow cytometric analysis
Cell surface fluorescence was assessed using a FACSCalibur analyzer and analyzed using FlowJo software (TreeStar). Dead cells were excluded with 7-AAD staining.
Non-specific Ab binding was blocked with anti-CD16/32 Ab. FITC-PE-or APC-conjugated mAb against CD11b (M1/70), Gr-1 mAb (RB6-8C5), F4/80 (BM8) and CD3 (145-2C11) were from eBioscience. Isotype-matched antibodies (eBioscience) were used for control staining.
Measurement of ler expression
A plasmid containing a ler-lux transcriptional fusion was constructed by cloning a fragment spanning the C. rodentium ler regulatory region from position -260 to +216 with respect to the ler transcriptional start site (10) , in plasmid pCS26-Pac containing the promoterless Photorhabdus luminescens luxCDABE operon (11) . The resulting plasmid pler-lux was transformed into wild-type C. rodentium by electroporation. For determination of the levels of ler expression in feces, fecal pellets were suspended in PBS at 10 mg/ml, and luminescence emitted from ler-lux-expressing bacteria was measured using a LMax luminometer (Molecular Device). For in vivo bioluminescence imaging (BLI), the entire gastrointestinal tract was immediately removed and placed into the light-tight chamber of the CCD camera system (IVIS200, Xenogen). Luminescence emitted from lux-expressing bacteria in the tissue was quantified using the software program living image (Xenogen). Quantitative real time RT-PCR (qPCR) for ler and tir was performed using a SYBR green PCR master mix and the StepOne Real 
Immunostaining for Tir
Briefly, 5 µm paraffin sections were deparaffinized by heating at 55-65°C for 10 min, cleared with xylene, rehydrated through an ethanol gradient to water. Sections were blocked using the appropriate blocking buffer (either 2% Goat or Donkey Serum in PBS containing 1% bovine serum albumin (BSA), 0.1% Triton-X100 (Sigma), and 0.05% Tween 20, and 0.05% sodium azide. Rat anti-sera generated against C. rodentium specific Tir (1:5K; gift from W. Deng) was used as the primary antibody. Epifluorescent labeling for was carried out with the appropriate secondary antibody using AlexaFluor 568-conjugated goat anti-rat IgG. Tissues were mounted using ProLong Gold Antifade reagent (Molecular Probes/Invitrogen) that contains 4',6'-diamidino-2-phenylindole (DAPI) for DNA staining. Sections were viewed on a Zeiss AxioImager microscope.
Images were obtained using a Zeiss AxioImager microscope equipped with an AxioCamHRm camera operating through AxioVision software (Version 4.4).
Fluorescence in-situ hybridization
Carnoys-fixed paraffin-embedded sections were deparaffinized and rehydrated as described above. Sections were incubated overnight at 37°C in the dark with Texas red-conjugated EUB338 general bacterial probe (5'-GCT GCC TCC CGT AGG AGT-3') and an AlexaFluor 488 conjugated GAM42a probe (5'-GCC TTC CCA CAT CGT TT-3') that recognizes bacteria that belong to the γ-Proteobacter class diluted to a final concentration of 2.5 ng/μl each in hybridization solution (0.9 M NaCl, 0.1 M Tris pH 7.2, 30% Formamide, 0.1% SDS). Sections were then washed once in the dark with hybridization solution for 15 minutes with gentle shaking. This step was repeated once with wash buffer (0.9 M NaCL, 0.1 M TRIS pH 7.2), and sections were placed in dH 2 O, and then mounted using ProLong Gold Antifadereagent with DAPI (Molecular Probes) and imaged as described above.
Transmission Electron Microscopy
GF wild-type mice were orally infected with C. rodentium and Δler mutant. At day 5 and 21 post infection, cecums from infected mice were collected and fixed with 2.5 % glutaraldehyde in 0.1 M Sorensen's buffer (pH 7.4). Fixed tissues were then 1 % osmium tetroxide in 0.1 M Sorensen's buffer, sequentially dehydrated through graded alcohols and propylene oxide, and then infiltrated in Spurrs or Epon. Ultrathin sections were cut with a diamond knife, stained, and examined with Philips CM-100 transmission electron microscope.
Carbohydrate growth array and custom rodent diet
Mouse-derived commensal bacteria used for competition experiments with C. rodentium were Escherichia coli (strain dn15.6244.1), Bacteroides thetaiotaomicron (strain dnklv9) and B. vulgatus (strain dnklv7) (19) . For gnotobiotic mouse inoculations, C. rodentium and E. coli were grown aerobically overnight in LB broth with shaking. Both Bacteroides species were grown at 37°C overnight in pre-reduced chopped-meat broth (Beckton Dickinson) under an atmosphere of 5% H 2 , 5% CO 2 and 90% N 2 in an anaerobic growth chamber (Coy Manufacturing, Grass Lake, MI). Gnotobiotic mice were fed either an autoclaved conventional PICO LAB rodent diet 5L0D (PMI Nutrition International, LLC), or an irradiated simple sugar diet, a customized version of Harlan TD.08810 in which starch and maltodextrin were replaced with sucrose (64% final w/w). For growth profiling in a custom carbohydrate growth array, each species was grown as indicated above and inoculated into 2x carbohydrate-free minimal medium as described previously (21) , except that 0.5% chopped-meat extract was added to the medium for B. vulgatus and E. coli. To quantify the amount of growth on each carbohydrate tested, the maximum absorbance (600nm) was measured for each culture after 4d of anaerobic growth, then both the starting absorbance on each substrate and the amount of growth, if any, in minimal medium lacking a carbon source were subtracted. Growth data was recorded at 10-25 min intervals for the entire 4d period and each positive growth curve was manually inspected to validate the presence of an exponential growth profile. Because each species grew to varying overall levels in the anaerobic media conditions, the growth ability on each substrate was normalized to the average growth ability of a given species on all substrates for which it demonstrated growth. By this normalization strategy, values >1 indicate above average growth; values <1 indicate below average growth.
Measurement of C. rodentium-reactive immunoglobulin
C. rodentium-specific Ig was quantified by coating 96-well plates with heat-killed C. rodentium as described (15) using alkaline phosphatase-conjugated polyclonal goat anti-mouse IgG, IgM or IgA Abs (Southern Biotechnology Associates, Birmingham, AL).
Plates were developed using p-nitrophenyl phosphate substrate (Southern Biotechnology Associates) and OD405 values determined.
Isolation and stimulation of colonic CD4 + T cells.
Colonic CD4 + T cells were isolated from total colonic cells as described (22), using mouse CD4 + cell MACS (MiltenyiBiotec). Purified T cells were stimulated with phorbol 12-myristate 13-acetate (50 ng/ml; Sigma-Aldrich) and ionomycin (500 ng/ml; Sigma-Aldrich) in the presence of GolgiStop (BD Pharmingen), and the cells producing IFN-γ and IL-17A were then stained with FITC-labeled anti-mouse IFN-γmAb (eBioscience) and PE-labeled anti-mouse IL-17A mAb (eBiosciences), and analyzed by flow cytometry. For ELISA, total LP cells were stimulated plate-bound anti-CD3 Ab (10 μg/ml) and soluble anti-CD28 Ab (2 μg/ml) for 48 h. IFN-γ, IL-17A and IL-22 in the supernatants were measured.
Measurement of anti-microbial peptide expression
At day 0 and day12 after C. rodentium infection, colons were removed from SPF and GF mice. Colons were opened, washed with PBS and incubated in 10mM EDTA/PBS for 30 min at room temperature with gentle shaking. After EDTA treatment, colonic tissues were cut into small pieces and put into HBSS. Tissues were then shaken intensely for 10 sec, and epithelial cells were collected using a 70 μm cell strainer. RNAs were isolated from colonic epithelial cells using Total RNA Kit I (Omega Bio-tek), and cDNA was 
Statistical analyses
Statistical analyses were performed using GraphPad Prism software version 5.0 (GraphPad Software Inc. Survival between groups of mice was compared using Log-rank (Mantel-Cox) test.
Differences at P<0.05 were considered significant. . tir mRNA expression in the feces of SPF and GF mice infected with C. rodentium. Stool samples were collected on day 7 and day 12 (also on day 22 and day 42 in GF mice) after C. rodentium infection. Bacterial RNAs were purified from feces, and tir expression was assessed by qPCR. Expression of each gene was normalized to that of kanamycin-resistant gene. As a control for virulence gene expression, C. rodentium cultured in LB medium or DMEM were used as a negative and positive control of virulence gene expression, respectively. C. rodentium express LEE virulence factors grown in DMEM, but not in LB (4, 10) . Data are shown in relative expression to the C. rodentium cultured in LB medium. Data are mean ± SD of 3 individual mice. **; p<0.01, ***; p<0.001 by Dunnett's multiple comparison test. (4, 10) . Data are representative of 3 independent experiments in triplicate cultures (mean ± SD). C, Endogenous ler mRNA expression in bacteria grown in DMEM or LB medium. C. rodentium was cultured in LB medium or DMEM for 6 h in static condition at 37°C in a 5% CO 2 atmosphere. ler mRNA expression was assessed by qPCR and normalized to that of 16sRNA (rrsA). Data are representative of 3 independent experiments in triplicate cultures (mean ± SD). 1 Growth was measured as the maximum increase in absorbance (600nm) after 4d in minimal medium containing the indicated carbon source. Data were normalized for each species based on its average growth ability across all carbon sources. Thus, values >1 indicate "above average" growth for a given species and are shaded in green. 2 Substrates that failed to yield an absorbance increase >10% of the maximum on any substrate were scored as "no growth". 3 Values in superscript indicate the range of two non-adjacent replicate cultures on the same growth plate.
